Abstract: Manufacturing or production is one of the most important sectors of any field. It involves various steps or processes to convert raw materials into finished products.
INTRODUCTION
Milling is the process of cutting away material by feeding a work piece past a rotating multiple tooth cutter. The machined surface may be flat, angular, or curved. The surface may also be milled to any combination of shapes. To machine the ferrous material, harder cutting tool is needed. One of popular cutting tools that are used is High Speed Steel (HSS). This study helps to improve the performance of a milling process by using High Speed Steel cutting tool as a cutter. It is worth to understand the capability of carbide cutting tool during machining of ferrous metal for a better understanding of milling machining characteristic. The shaft on which the experimentation is to be performed is a Roller Shaft, which is used in an Undercarriage. Berco Undercarriages India Pvt Ltd is one of the leading manufacturer of Undercarriage parts in the world which facilitates extensive research work. This knowledge will help mass production machining in the industry.
FACTORIAL DESIGN OF EXPERIMENTS:
The full factorial design of an experiment is the procedure of selecting the number of trials and conditions for running them, essential and sufficient for solving the problems that has been set with the required precision. Factorial designs are widely used in experiments involving several factors where it is necessary to study the joint effect of the factors on a response. However there are several special cases of the general factorial design that are important because they are widely used in research work and also because they form the basis of other designs of considerable practical value.
OBJECTIVE & METHODOLOGY
The mathematical model is developed by using factorial design of experiments to predict the metal removal rate required for milling of Micro Alloyed steel with low carbon content with High speed steel (H.S.S) 4 flute mill cutter. The three factors, namely speed, feed and depth of cut are analyzed simultaneously by the main effects with two and three factor interactions. The developed model is tested for its adequacy and significance of each coefficient is checked by student's t-test at 5% significance level.  Applied a turning, grooving, end milling, drilling cutting process on the work piece.
The machining variables (Factors) are identified to develop the mathematical model to predict the maximum metal removal rate and the best surface finish. These include speed (s), feed (f) and depth of cut (d). The first order model with two and three factor interactions which can be expressed as: A two level full factorial design of experiments is adopted for calculating the main and the interaction effects of the four factors at two levels; 2 k = N experiments are conducted to fit an equation, where 'k' is no. of factors and 'N' is no. of trials. The design plan with high and low limits as indicated Table -1 
MODEL DEVELOPMENT
In the present work, sequence of steps followed in the development of model are:
CALCULATION OF REGRESSION COEFFICIENTS
The values of regression coefficients b 0 , b 1 , b 2 …b 1234 are calculated by regression analysis and are given in the following table. Here the number of replications for the response i.e; y 1 and y 2 and average of these is 'y'. 
STUDENT'S T-TEST AT 5% SIGNIFICANCE LEVEL:
When the model is adequate in linear form, then t-test is to be conducted to test the significance of each Regression coefficient.
Standard deviation of coefficient: S bj = = 0.030 
EXPERIMENTATION
The experiments were carried out on DOOSAN FANUC Single Axis Lathe for turning and grooving operations and HAAS VF3 milling machine for milling and drilling operations. The cutter used was ISCAR carbide steel cutting tool. The work piece is a Micro alloyed steel roller shaft which is used in the undercarriages after complete machining. Each trial was replicated twice, which provide an internal estimate of the experimental error. The design matrix and summary of the experimental results are shown in below table: In the above matrix, columns indicated the factors while the rows indicated the experiment with different treatment combinations expressed in codes +1 and -1 corresponding to high and low levels. The trail 1 in both milling and turning has a combinations of all variables set at low level.
The column of each variable X 1 , X 2 , and X 3 are arranged in standard order. The values of regression coefficients b 0, b 1, b 2 ,….,b 123 … are calculated for metal removal rate and surface roughness. Analysis of variance is done to find out the percentage contribution of each factor and relative significance of each factor for metal removal rate and surface roughness. : 2319 -6890(online), 2347 01 July 2015
